levels of selenium in frail older individuals. Following 8 weeks of micronutrient supplementation, there was a significant increase in selenium levels and improved symptoms of depression occurred in a subgroup.
Introduction
Older people have a high prevalence of depression, with up to one third or more of those living in residential or nursing home, having significant symptoms [1] [2] [3] [4] . The prevalence of depression in nursing or residential homes is at least twice that seen in the general population [5, 6] . There are clear associations between depression and chronic illness and disability [7] . Individuals diagnosed with depression, may have poor physical and social functioning and an impaired quality of life. The presence of depression also results in increased morbidity and mortality [8] [9] [10] .
Older people living in institutions tend to have a poor nutritional status. Deficiencies in zinc, selenium and vitamin C, have been found in older hospitalised individuals [11, 12] . In a UK study, 40% of older people living in institutions were reported to be deficient in folate, riboflavin and vitamin C [13, 14] . Although the micronutrient status of all older people may be improved through supplementation [15, 16] , those people who are most deficient with a relatively poor diet are found to benefit most from supplementation [17] .
Micronutrients and Mood
Vitamin and mineral supplementation can result in improved mood in younger people and in physically healthy older people [18] [19] [20] [21] . It has been found that low folate levels are present in depressed people and supplementation, in addition to the administration of fluoxetine, significantly improved mood [22] . In addition, healthy older people with low vitamin C levels and mood at baseline had improved serum levels and mood, when supplemented with oral vitamin C [23] .
Selenium
Selenium is an essential trace mineral which is best known as an antioxidant. It is also part of the enzyme system necessary for the production of active thyroid hormone [24] .
In some parts of the world, particularly in European countries, such as the UK, a low or diminishing selenium status may impact on general health [25] .
There is increasing evidence that selenium has a protective effect against some forms of cancer, may enhance male fertility, reduce cardiovascular disease mortality and regulate some of the inflammatory mediators in asthma [26] .
The relationship between mood, behaviour and cognitive function with alterations in thyroid function, has resulted in researchers suggesting that the effects of selenium status on mood, may in part be due to the complex interaction with thyroid function [27] .
Patients with hypothyroidism often present with depression. In addition, thyroid function depends on selenium which is at the active centre of the iodothyronine deiodinase enzymes that catalyse the conversion of the prohormone thyroxine (T4) to the active form of thyroid hormone triiodothyronine (T3). Therefore, patients with hypothyroidism and depression may be deficient in selenium.
Chronic alcoholic patients have diminished plasma and erythrocyte, selenium and vitamin E levels, which improve towards normalisation after 14 days of alcohol abstinence [28] .
Other authors have also suggested that selenium status may modify mood in patients with chronic heavy alcohol consumption. One suggested hypothesis is that mood improvement in depressed patients after a period of abstinence from alcohol might in part be due to the normalisation of selenium status [29] .
Higher incidence of anxiety and depression, as well as poor overall health in patients with chronic renal failure undergoing haemodialysis, has been attributed to selenium deficiency and the role of selenium in depression during pregnancy and lactation has also been postulated [30] .
Specific patient groups, including those undergoing long-term tube feeding may have dietary selenium deficiencies sufficient to induce ECG abnormalities [31] . The role of medications such as clozapine in reducing plasma and red cell selenium in patients with schizophrenia has been reported [32] .
Selenium and Cognition
In patients with both Alzheimer type and vascular dementia, serum selenium levels were thought to have a positive protective effect on cognitive function [33] and this has been confirmed in a 9-year longitudinal study, which found cognitive decline to be associated with decreases in plasma selenium over time. In those subjects who had low plasma selenium levels, the greater the decrease in selenium, the higher the probability of cognitive decline. Akbaraly et al. [34] concluded that selenium status declined with age and may contribute to declines in neuropsychological functions in an ageing population. In a cross-sectional survey of 2,000 rural Chinese, which was unique in that 70% of the study participants had lived in the same village since birth, low selenium levels in nail samples were significantly associated with lower cognitive scores, suggesting that lifelong low selenium levels are associated with lower cognitive function [35] .
Selenium and Mood
In healthy men, a diet low in selenium has no effect on mood scales; however, the lower the initial selenium status, the more the mood scores diminished, thus supporting the hypothesis that a low selenium status may result in relatively depressed mood [36] . In a study of 501 UK subjects aged 60-74 years, who were administered different levels of selenium or placebo, supplementation increased plasma selenium levels above baseline, but did not affect mood as measured by the Profile of Moods States -Bipolar Form, or quality of life as measured by the Short Form 36 [37] . In contrast, Benton and Cook in a similar British population, found improved mood and a decrease in anxiety, using the Profile of Mood States, which correlated with the level of selenium in the diet, as estimated from a Food Frequency Questionnaire. This study, however, failed to correlate mood to serum selenium status [38, 39] . Patients with HIV/AIDS, treated with selenium therapy in a placebo-controlled doubleblinded trial, found that at 12 months the participants who had received selenium, reported increased vigour and less anxiety, compared to the placebo-treated individuals, although there was no apparent effect of selenium on either distress or depression [40] .
Aim
The aim of this study was to examine the association between micronutrients (specifically selenium, folate and vitamin C), and symptoms of depression and anxiety in a sample of frail older individuals living in nursing and residential homes. We hypothesised that lower levels of each of the micronutrients would correlate with greater symptoms of both anxiety and depression, and that those individuals receiving micronutrient supplementation would have improved mood and reduced anxiety compared with the placebo-treated group.
Methods
Subjects Seventy-three residents from eleven nursing and residential homes on Merseyside participated in this study. All individuals approached were aged over 60 years and were able to give informed consent (abbreviated mental test score of 7 or above and not critically ill). The study was approved by the local Research and Ethics Committee and all participants gave written informed consent.
All subjects had normal thyroid function tests and none were receiving either thyroxine supplementation, or pharmacological treatment for a depressive illness up to 2 weeks before, during or within the assessment period.
Mood Ratings
Baseline mood ratings were completed during the 2 weeks prior to the commencement of micronutrient/placebo supplements. A 2-week period was chosen to ensure that all participants started the study at the same time and that mood assessment could be completed on all of them within this period. Endpoint ratings were completed within 2 weeks of finishing supplementation. All intervals between baseline and endpoint ratings were 8-10 weeks apart. The measurements included: (1) The Montgomery-Åsberg Depression Rating Scale (MADRS) which is a continuous measure of severity of depressive symptoms. This scale has been shown to be reliable and valid in elderly and frail populations. A score of 6 18 has both a high specificity and positive predictive value of the diagnosis of depression in frail older people. (2) The Hospital Anxiety and Depression Scale (HAD). This consists of two 7-item scales designed to screen physically ill populations, for both anxiety and depression. It has been validated in older people. On each scale, a score below 8 is considered to be normal, scores of 8-10 being borderline and scores 6 11 indicative of the presence of anxiety and/or depression. We chose both HAD and MADRS, because the former measures positive affect, whereas the latter measures negative affect. Both scales have been validated in older people, particularly amongst frail individuals. Both scales were scored during face to face interviews to ensure that participants with visual and physical impairments were not excluded, in an attempt to improve the validity of the data obtained. No further scales were included as this population was frail and unlikely to be able to complete more than 2 scales.
Biochemistry
Twenty millilitres of venous blood was collected and separated in a validated laboratory within 2 h of collection. Serum selenium was measured using inductively coupled mass spectrometry, folate by immunoassay and vitamin C by a colorimetric assay.
Intervention
All participants were randomly assigned to receive either placebo or active micronutrient supplementation in a one to one ratio, using random numbers generated by the Hospital Pharmacy Trials Unit. The micronutrient supplement and placebo were supplied by Recip AB Sweden and were identical in appearance. Participants took two tablets, twice a day for 8 weeks, administered by nursing home staff. Compliance was verified during the trial by tablet counting at two weekly intervals by a researcher blinded to the intervention. The constituents of the active supplement are listed in table 1 .
Statistical Analysis
Due to the ordinal nature of the mood ratings, non-parametric tests (Spearman's rho and Wilcoxon signed-ranks test) were used to examine the association between mood measures and individual's micronutrients status and any change in mood scores between measurements at baseline and endpoint. 
Student's t tests were used to test for significant differences in micronutrients between groups at baseline and paired t tests for changes in micronutrient measures between baseline and endpoint. Significance levels of 0.01 (one tailed) were considered to be statistically significant. All analyses were performed using SPSS.
Results
Seventy-three participants commenced the study, of whom 59 completed the assessments. The median age was 82 years.
Mood at Baseline
HAD depression scores of 8 or more were found in 29% of participants. 22.5% scored 8 or more on the HAD anxiety scale. Of these 7 (9.6%) had anxiety and depression scores of 6 11, suggesting serious psychological distress. Seventeen subjects (23%) had MADRS scores 6 18 ( table 2 ).
Micronutrient Status
At baseline, only one person was deficient in folate (i.e. ! 1.5 g/l) and no-one had a serum selenium level of ! 0.7 M . However, 49 (67%) of residents had vitamin C levels ! 23 M ( table 3 ) .
Relationship between Mood and Micronutrient Status
There were statistically significant negative relationships between serum selenium and both depression measures. There was also a trend towards a significant negative relationship between selenium and anxiety scores ( table 4 ). All 18 participants with depression scores 6 8 on the HAD depression scale had selenium levels ! 1.2 M . No significant correlations were noted between folate and/or vitamin C, depression and/or anxiety measures.
Effect of Supplementation
Fifty-nine participants had complete baseline and endpoint measurements of mood. At 8 weeks, no participant had a folate or selenium level below the reference range and only one participant (2%) had a vitamin C level below the reference range ( table 3 ) . At baseline prior to either supplementation or placebo, there were no statistically significant differences on any of the mood measures. A total of 33 out of 37 participants in the placebo group had complete baseline and endpoint measures and 26 of 36 active treatment participants also had complete sets of measures. There were no statistically significant differences between the baseline scores for those completing the study, compared with the total sample in either the placebo or the active group ( table 5 ) .
There was a trend towards a significant reduction in HAD depression scores (i.e. an increase in positive affect) in the active treatment group (Wilcoxon test Z = -1.48, p = 0.07) and no significant change in the placebo group (Z = -0.84, p = 0.20). In the HAD anxiety scores there was a trend towards a significant reduction in the placebo group (Z = -1.57, p = 0.06), but not in the active treatment 
Effect of Supplementation in Individuals with High Depression Scores
At baseline, there were 8 people in the placebo group and 10 in the active treatment group with HAD depression scores in the abnormal range ( 6 8) who subsequently completed the study. Among those with abnormal HAD depression scores at baseline, those in the active treatment group showed a significant increase in selenium levels (paired t test -2.94, d.f. 9; one-tailed significance 0.009) and a significant decrease in depression scores (Wilcoxon signed ranks test Z = -2.15; one-tailed significance 0.016) after 8 weeks. However, in the placebo group, selenium levels were unchanged (paired t test t = -0.24, d.f. 6, p = 0.41) and HAD depression scores did not show significant change (Wilcoxon Z = -1.02, one-tailed significance 0.15).
Among those people with abnormal MADRS scores ( 6 18) at baseline, there were no significant change in MADRS scores in either group (active: Z = -1.19, onetailed significance 0.12; placebo: Z = -1.21, one-tailed significance 0.11).
Discussion

Mood and Nursing in Residential Home Residents
One quarter of all participants scored in the abnormal range of the anxiety scale of the HAD and almost one third scored in the abnormal range of the depression scale of HAD. 21.7% had significantly high levels of negative affect as indicated by MADRS scores of 6 18. This prevalence level of depression is similar to that seen in other populations of older people in institutions [1] [2] [3] [4] . Prevalence of anxiety symptoms is, however, also high and this has not been previously noted. There is, however, some evidence on the prevalence of anxiety diagnosed using the Geriatric Mental State Schedule in certain older populations. In chronic obstructive pulmonary disease, 18% of patients were found to have anxiety, and this was a major predictor of hospital admission [41] .
Mood and Micronutrient Status
Despite previous research suggesting an association between folate or vitamin C levels and low mood, our data demonstrated no such relationship. We did however find a highly significant negative association between symptoms of depression and selenium levels, although the serum selenium levels were apparently within the normal range. None of our sample group had a serum selenium level below the minimum accepted reference range. However, we know that the nutritional intake of selenium in the UK is equivalent to a low selenium diet [42] . Although it is difficult to speculate about selenium intake in a frail older nursing and residential home population, it is known that low serum selenium regardless of intake is directly associated with greater age, poor health and general frailty among older people [43] . Nonetheless, the observation that improvement of selenium status was associated with improvement in depression score suggests that serum selenium is an insensitive marker of selenium status in nervous tissue. The supplementation of older people with selenium has resulted in reduced plasma thyroxine (T4), suggesting improved conversion to the active thyroid hormone T3 [44] . Whilst our patients had normal thyroid function at baseline, we did not assess any alteration that may have occurred during selenium supplementation. It is therefore difficult to dismiss Sher's hypothesis that 'the effect of selenium deprivation on mood … might therefore be partly mediated by changes induced by selenium deficiency in thyroid function' [45] .
Effect of Micronutrient Supplementation on Mood
After 8 weeks of active supplementation, there was a trend towards a significant increase in positive affect, i.e. a reduction in HAD depression scores and statistically significant improvement in HAD depression scores among those people who were depressed at baseline and had an associated significant improvement in serum selenium levels. This effect was not reflected in the MADRS scores. There was no reduction in anxiety scores within HAD, despite the apparent comorbidity of anxiety and depression in the sample. The MADRS, as well as the HAD anxiety items tend to assess negative affect whereas the depression score on the HAD depression scale reflects an absence of positive affect or anhedonic state, which is a presentation of depression, more typically seen among older people [46] .
Whilst it is possible that a longer duration of study may have shown further alterations in mood or a positive association with other micronutrients, a time period of 8 weeks was chosen to ensure that morbidity and mortality in this frail population did not significantly decrease numbers. Seasonal variability also impacts on mood and therefore the research needed to be carried out in the same season. Other studies where mood has been affected by micronutrients have also had durations of 4-8 weeks.
The most important findings from this study were the association of low positive affect with relatively low levels of selenium and the significant improvements in mood after 8 weeks of active supplementation with a measurable increase in serum selenium. Whether this trend towards improvement in HAD depression scores in the supplemented group was due to the improvement in selenium levels, can only be speculated.
Study Limitations
There was an unsystematic loss of subjects at endpoints from the active treatment group. Return visits to two of the homes were impossible and there was, as is often found in studies of older frail individuals, a number of subjects unable to complete studies due to acute illness or increase in frailty. Those who completed the treatment in the active treatment group were apparently more depressed and anxious than those in the placebo group, although the differences were not statistically significant.
Conclusions
Our study shows a high level of psychiatric morbidity within residential and nursing home residents. It suggests that selenium may be particularly implicated in improvement of mood in frail older people. Further research in a longitudinal placebo controlled study looking at individual substances, such as selenium, thiamine and zinc, as well as a specific study of selenium administration and its effects on serum thyroxine should be conducted. If depression is as common in nursing home residents as suggested, particularly when using the HAD depression score, it is likely that some individuals would benefit from anti-depressant therapy. There is no evidence whether micronutrient coadministration with antidepressants may act in a synergistic fashion and therefore the role of micronutrient coadministration with antidepressants requires further research. Whilst depression and dementia in nursing home residents is well documented and researched, prevalence of anxiety found in our sample suggests that further research in the diagnosis and potential management of this condition is required.
